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Recent reseach adivity to improve Pt-Ru
eledrocaaysts for the oxidation of reformate H,
containing a small concentration of CO has been
stimulated by development of fuel cdls for eledric
vehicles, an areathat is currently gaining considerable
momentum. It is generally believed that Ru fadlitates
CO oxidation on Pt through the bifunctional
medhanism. It isalso believed that the dedronic efeds
can be operative whereby the interadion of Pt with Ru
weakens its bonding with CO. To clarify the extent of
the role of the bifunctional medhanism and the
eledronic effect, and to improve the performance of the
Pt-Ru eledrocataysts we focused ona charaderizaion
of well-prepared Ru single aystal surfaces and
exploration of controlled deposition of Pt thin layers on
Ru(0001). This work demonstrated that spontaneous
depasition of Pt on Ru can occur and can yield
monolayer-to-multil ayer depaosits.

The spontaneous deposition of Pt established
with Ru(0001) can be used to tailor adive, low Pt
loading eledrocatalysts on metallic Ru nanoparticles.
This method fadlitates a deposition of Pt only at the
surface of Ru nanoparticles rather than having Pt
throughout the nanoparticle a in the Pt-Ru alloys. Ru
nanoparticles with submonolayer Pt idands of
monolayer-height may provide adive caaysts sncethe
remaining Ru surface a&ts as an oxygen supplier for the
oxidative removal of CO. In contrast to the Pt-Ru alloy
nanoparticle caalysts this gructure has al the Pt atoms
at the surface &ailable for the catalytic readion. At the
sametime, al the Pt atoms are in dired contad with Ru
atoms, which fadlitates a strong eledronic interadion
between Pt and Ru atoms and, hence, a strong reduction
of the CO adsorption energy on Pt. In addition, by
pladng a cdayst in the surface region, rather than
throughout the nanoparticle, a considerable deaease of
a Pt loadingis achieved.

Fig. 1 shows the morphologies of two Pt
depasits on a well ordered Ru(0007). The Pt deposit
obtained from a 0.1mM H,PtClg + 0.1 M H,SO,
solution for 2 minutes consists of a grea number of Pt
clusters which have a olumnar shape and a relatively
uniform size Their height is in the range of 3to 5 M
(10-15 ML) and their diameter is between 6-10 M
(Fig. 2). The total amount of Pt deposited is between 4
and 5 ML. The Pt deposit obtained from the 10mM
H,PtClg in 0.1 M H,SO, solution during one minute is
shown in the right image. The eitire Ru surface is
covered with 2-6 mm-sized clusters with an average
height of 2 ML. Abou 92 % of the Ru surface is
covered and the total amount of deposited Pt is
approximately ~2 ML. The mecanism of this
depasition is not entirely clea, in particular a
multi player deposition of Pt. It is likely that the Ru
surface oxide formation supplies the dedrons for the
reduction of Pt ions.

Rotating disc dedrode measurements with
caalysts deposited on a glassy cabon eledrode ad
covered by a thin Nafion® layer, have been used for
determination of their adivity and CO tolerance
Although this method has been described in several
publications, a detailed comparison of the adivity of

various catalysts requires a caeful evaluation of the
adequate = @mparison  conditions. We  have
demonstrated that a determination of the H, oxidation
kinetic current as a function of catalyst loading can be
used for identification of the cdalyst layer thickness
that fadlitatesits optimal utilizaion. The measurements
of CO tolerance for that particular thickness provide a
reliable comparison of different eledrocaalysts.

Fig. 2 (upper panel) shows a Pt mass —
normalized currents obtained at 0.05V with rotating
thin catalyst layer disk eledrode for H, oxidation as a
function of rotation rate for the dedrocaaysts
ohbtained by sporntaneous deposition of Pt on Ru
nanoparticles on Vulcan XC72 and for E-TEK’s 20%
1:1 PtRu eledrocaalyst. Kinetic H, oxidation currents
are indicated in the graph. Lower panel shows a time
dependence of the currents at 0.05V for the oxidation o
H, with 1000ppn of CO, normalized by the current in
the dsence of CO for the respective caalyst. The CO
tolerance of the new eledrocaayst is considerably
higher than that of the cmmercial sample.

Further efforts in the goplication of this novel
caalysts preparation method and the optimization of Pt
coverage on Ru nanoparticles will be presented.

Fig. 1 STM images (200x 200 mm, left and 100x 100
nm, right) of spontaneously deposited Pt on Ru(000J)
from solutions containing 0.1mM and 10mM H,PtClg in
0.1M H,SO,, respedively. Images recrded at open
circuit potentials with Z ranges 5nm (left) and 2nm

(right).
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Fig. 2 Comparison d the cdalyst prepared by
spontaneous deposition of Pt on Ru nanoparticles on
Vulcan XC72 and of E-TEK’s 20% 1:1 PtRu caalyst
for the oxidation of H, and H, with 1000ppn CO at
0.025V in 0.5M H,SO,. 25° C, 25Q0rpm, disk area 0.2
cm.



